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Dynamic and Thermal Effects 


with the exception of Teflon, can become relatively brittle at lower temperatures, 
although these materials tend to resist thermal shock somewhat better than glass 
does. 

It may be of interest to note that there is a certain similarity between the effects 
of low temperature and high strain rate. Experiments indicate that both effects 
tend to increase the yield and ultimate strength of steel while reducing the ductility. 
The observed influence is greater on the yield than on the ultimate strength, so that 
the relevant margin between the two properties is reduced. The usual stress-strain 
curve of the material under a high strain rate degenerates into a stress line parallel 
to the strain axis as if the material suddenly became completely plastic [40], with 
the ultimate strength markedly higher than that under static conditions. 


MATERIALS FOR SPECIAL APPLICATIONS 

In special applications involving nuclear propulsion systems, very high tempera¬ 
ture strength is often required [103]. These may include structural components 
for fission reactors used as direct heat exchangers, nuclear propulsion systems, and 
aerospace reentry vehicles, to mention a few. Because of the extreme tempera¬ 
ture environment, the choice of materials is very limited. In this class graphite, 
tungsten, and rhenium can be considered, although some of the carbides are also 
most valuable. Examples of the properties for refractory alloys are given in Ta¬ 
ble 17.2. 

Some of the unusual properties for the selected carbides at room temperature 
are given in Table 17.3. Although these compounds are intended for highly special¬ 
ized applications [104], it may be of interest to compare their mechanical properties 
with the typical data known for the structural materials in general use. 

The effect of elevated temperatures on the percentage of retained strength for 
a variety of engineering materials is illustrated in Fig. 17.2. The diagram indi¬ 
cates the state-of-the-art knowledge in materials development for high-temperature 
applications [105]. 


Table 17.2 Selected Properties of Refractory Metals 


Metal 

Melting 

Point 

(°F) 

Density 
(lb/in. 3 
at 75° F) 

Modulus of 
Elasticity 
(psi) 

NDT 

(°F) 

Tensile 
Strength at 
2200°F (psi) 

Chromium 

3450 

0.76 

42 x 10 6 

625 

8,000 

Columbium 

4470 

0.31 

16 X 10 6 

-185 

10,000 

(niobium) 

Molybdenum 

4730 

0.37 

47 X 10 6 

85 

22,000 

Tantalum 

5430 

0.60 

27 x 10 6 

-320 

15,000 

Rhenium 

5460 

0.76 

68 X 10 6 

75 

60,000 

Tungsten 

6170 

0.70 

58 x 10 6 

645 

32,000 





